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ABSTRACT
We discuss the structure of current-induced bottom baryon to charm baryon tran-
sitions, and the structure of pion and photon transitions between heavy charm or
bottom baryons in the Heavy Quark Symmetry limit as m
Q
!1. Our discussion
involves the ground state s-wave heavy baryons as well as the excited p-wave heavy
baryon states.
1. Introduction
The Heavy Quark Eective Theory (HQET) formulated in 1990
?
is so well known
by now that it no longer needs an extensive introduction. The HQET provides a
systematic expansion of QCD in terms of inverse powers of the heavy quark mass.
The leading term in this expansion gives rise to a new spin and avour symmetry at
equal velocities, termed Heavy Quark Symmetry. Corrections to the Heavy Quark
Symmetry limit can be classied and evaluated order by order in 1=m
Q
by considering
the contributions of the nonleading terms in the eective HQET elds and the HQET
Langrangian. We might mention that there exist dierent formulations of HQET





. They can be transformed into
each other by appropriate eld redenitions
?
. Among these, the Foldy-Wouthuysen
type HQET introduced in
?
is closest to the original quantum mechanical version
of the Foldy-Wouthuysen transformation introduced in the 50's to deal with recoil
corrections when calculating e.g. properties of the hydrogen atom.
In this review we will only be concerned with the leading order term in the HQET
expansion, i.e. in the Heavy Quark Symmetry limit. In this limit the dynamics of
the light and heavy constituents decouple and the calculation of the Heavy Quark
Symmetry predictions for transition amplitudes essentially amounts to an angular
momentum coupling exercise, however involved it may be. It is then not surprising
that such calculations have been done before even before the conceptual foundations
of HQET had been laid down in 1990. For example, the Heavy Quark Symmetry

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structure of current-induced charm baryon transitions had been written down as early
as 1976
?
. Also, and this will be explicated in this talk, the technical tools needed to do
the requisite angular momentum coupling calculations already existed for quite some
time in the form of the Wigner 6-j-symbol calculus developed and used extensively
by atomic and nuclear physicists working on problems closely related to Heavy Quark
Symmetry calculations.
At present most of the attention of experimentalists and theoreticians working in
heavy quark physics is directed towards the application of HQET in the meson sector
where data is starting to become quite abundant. This data will be supplemented in
the not-too-distant future by corresponding data on heavy baryon decays and there
will be a need to analyze this data in terms of HQET as applied to heavy baryons.
This will be the subject of the present review. We shall discuss the structure of
avour changing bottom baryon to charm baryon decays, as well as pion and photon
transition between heavy baryons with the same avour, all in the Heavy Quark
Symmetry limit as m
Q
! 1. Our discussion involves both ground state heavy
baryons and their p-wave excitations. We present our results in the form of building
blocks listed in tabular form. The building blocks may then easily be assembled
to obtain the Heavy Quark Symmetry predictions for the current, pion and photon
transition amplitudes of heavy baryons.
2. Classication of s- and p-Wave Heavy Baryon States
A heavy baryon is made up of a light diquark system (qq) and a heavy quark Q.
The light diquark system has bosonic quantum numbers j
P
with the total angular
momentum j = 0; 1; 2 : : : and parity P = 1. To each diquark system with spin-
parity j
P
there is a degenerate heavy baryon doublet with J
P
= (j  1=2)
P
(j = 0 is
an exception). It is important to realize that the Heavy Quark Symmetry structure




From our experience with light baryons and light mesons we know that one can
get a reasonable description of the light particle spectrum in the constituent quark
model picture. This is particularly true for the enumeration of states, their spins
and their parities. As much as we know up to now, gluon degrees of freedom do
not seem to contribute to the particle spectrum. It is thus quite natural to try the
same constituent approach to enumerate the light diquark states, their spins and their
parities. From the spin degrees of freedom of the two light quarks one obtains a spin
0 and a spin 1 state. The total orbital state of the diquark system is characterized

















) that can be formed from the




and the heavy quark momentum p
3
. The k-
orbital momentum describes relative orbital exitations of the two quarks, and the
K-orbital momentum describes orbital excitations of the center of mass of the two
light quarks relative to the heavy quark. The (k;K) basis is quite convenient for two
reasons. First, Copley, Isgur and Karl
?
have found that the (k;K) basis diagonalizes
the Hamiltonian, when harmonic interquark forces are used. Second, it allows one to




Let us do just this for the two avour case N
f
= 2 for the s- and p-wave states.





where the spin-avour content of the SU(4) diquark representation 10 can be
































































: The 10 representation decomposes as
before. The spin 0 and spin 1 pieces of the 10 couple with l
K






















































































: The diquark representation 6 of SU(4)




















After coupling with the k-orbital angular momentum l
k
= 1 and the heavy











































































One thus has altogether seven -type p-wave states and seven -type p-wave states.
The analysis can easily be extended to the case SU(6)
0(3) bringing in the strangeness
quark in addition.





well established while there is rst evidence for the 

c







(2627) have been seen which very likely correspond
to the two p-wave states making up the 

cK1






(2720) have been seen and rst evidence







(2570) state with the avour conguration cfsqg. In the
bottom sector the 
b
(5640) has made its way into the Particle Data Booklet listing
while some indirect evidence has been presented for the 
b
(5800).
3. Heavy Baryon Spin Wave Functions
We are now in the position to write down the covariant spin wave functions of
the heavy baryons. These will be needed to derive the predictions of Heavy Quark










form a degenerate pair of states with J
P
= (j  1=2)
P













































are the Rarita-Schwinger spinor wave functions of the
degenerate pair of heavy baryons with J = j + 1=2 and J = j   1=2, respectively.
The case j = 0 is special. In this case there is a coupling only to one heavy baryon
state with J = 1=2 as e.g. for the -type baryon ground state 
Q
.
It is then straightforward to write down the covariant spin wave functions 	




































where we have explicitly written out the Dirac spinor indices ,  and . The spinor
indices  and  refer to the light quark system and the index  refers to the heavy

















stands for the two spin
wave functions fj   1=2; j +1=2g as indicated in Eq.(7). What remains to be done is
to determine the matricesM

1
and M in Eq.(7). They can be worked out by noting
that the heavy baryon spin wave function has to satisfy the mass-shell condition on




























where the transverse gamma matrix 

?














=M . The normalization of the coupling
matricesM



































= 1 for the s- and
p-wave cases discussed in this review. There is an implicit understanding that the set




" is always completely symmetrized, traceless with regard to
any pair of indices and transverse to the line of ight in every index. This is annoted
explicitly in Table 1 and 2 where the s- and p-wave heavy baryon wave functions













as specied above. For the sake of
completeness we have also included the light-side spin wave functions as given in a


















C with C the charge conjugation matrix.
Table 1. Spin wave functions (s.w.f.) of -type s- and p-wave heavy baryons. Light-side spin wave




















































































































































Table 2. Spin wave functions (s.w.f.) of -type s- and p-wave heavy baryons.
light side s.w.f.
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